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(57)Abstract:

PROBLEM TO BE SOLVED: To realize a thin
film capacitor wherein leak current density is
small, by forming a first electrode layer which is
in contact with at least a high permitivity film of
an upper electrode film and has a specified

l—-l I——I |_'|"] LEWE thickness, of ruthenium or ruthenium oxide.

o AmMEN SOLUTION: Ip a 'thin film capacito.r,' BST ig used
as a high permitivity film 2, and a silicon (S1)

TITHRR substrate 5 has a surface which is SiO2 4 formed
J-4£10:, by heat treatment, on which substarate 5 the
FSSIBE following are formed; Pt as a lower electrode 3, a

high permitivity film 2, and single layer Ru as
upper electrodes which are 30nm in thickness. An
upper electrode film 1 is composed a single layer
or a plurality of layers. The first electrode layer
which is in contact with at least the high
permitivity film 2 is composed of ruthenium(Ru)
or ruthenium oxide (RUQO2). It is especially



important that the thickness of the layer is less than 50nm and greater than or equal to
5nm. Thereby a thin film capacitor excellent in electric characteristics can be realized.
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CLAIMS

[Claim(s)]

[Claim 1] The thin film capacitor characterized by for the 1st electrode layer of this up
electrode layer which touches this high dielectric constant film at least being a ruthenium
(Ru) or ruthenium oxide (RuO2), and the thickness of the aforementioned electrode layer
being less than 50nm in the thin film capacitor of the structure inserted by the up
electrode layer which a high dielectric constant thin film turns into from a lower electrode
layer and a monolayer, or two or more layers.

[Claim 2] The manufacture method of the thin film capacitor of the structure inserted by
the up electrode layer which is characterized by providing the following, and which a
high dielectric constant thin film turns into from a lower electrode layer and a monolayer,
or two or more layers The process which forms a ruthenium (Ru) or ruthenium oxide
(Ru02) as an electrode layer of this up electrode thin film which touches this high



dielectric constant film at least As 2nd electrode layer which is the best layer of this up
electrode thin film, it is oxygen.

[Claim 3] The electrode layer of the above 2nd is the manufacture method of the thin film
capacitor according to claim 2 which is either aluminum (aluminum), titanium (Ti) or a
titanium nitride (TiN).

[Claim 4] A high dielectric constant film is the manufacture method of the thin film
capacitor of the structure inserted by the lower electrode and the up electrode. In the
manufacture method by which the process of the dry etching in the atmosphere which
contains the oxygen of a ruthenium (Ru) or a ruthenium oxide (RuO2) layer in a lower
electrode or an up electrode at least is included The manufacture method of the thin film
capacitor characterized by a dry dirty process being an etching process in the electrode
structure where the maximum front face of this electrode was formed by either aluminum
(aluminum), titanium (T1i) or the titanium nitride (TiN) in the electrode layer of this
ruthenium or ruthenium oxide.

[Claim 5] It is the electrode which consisted of a monolayer or two or more layers. to the
aforementioned electrode A ruthenium (Ru), Or it sets to the processing method of an
electrode of having a dry etching process in the atmosphere in which the layer of
ruthenium oxide (RuO2) is contained in, and this ruthenium (Ru) or this ruthenium oxide
(RuO2) contains oxygen. The processing method of the electrode characterized by the
process of the aforementioned dry etching being an etching process in the electrode
structure where the maximum front face of this electrode was formed by either aluminum
(aluminum), titanium (Ti) or the titanium nitride (TiN).

[Translation done.]
* NOTICES *

Japan Patent Office is not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.%¥*** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[The technical field to which invention belongs] this invention relates to the object for
semiconductor devices, and the thin film capacitor for integrated circuits especially about
a thin film capacitor, its manufacture method, and the processing method of an electrode.
[0002]

[Description of the Prior Art] SrTiO3 which was excellent in dielectric characteristics,
insulation, and chemical stability in order to apply to the capacity film for next-
generation high-density DRAM of 1 or more Gbits, TiO (Ba, Sr)3 (henceforth BST), and
TiO (Pb, Zr)3 etc. -- research and development of a perovskite type oxide dielectric thin
film are done Simultaneously, in order to depend in the electrode material and process



strongly, examination of an electrode material is also important for the electrical property
of a dielectric thin film.

[0003] Ru or RuO2 It has the feature that the processability is good, and the application
as an electrode material of a BST film is considered. About the thin film capacitor using

- Ru as an electrode material, and its manufacture method, A. YUUKI etc. is reported in
detail to a technical digest, 115-118 pages and this technical digest, and 903-906 pages by
Y. rock shell ochre etc. in International electron device "meeting IEDM"" 1995,
respectively.

[0004] The publication of the thickness of Ru does not have an up electrode in the thin
film capacitor using Ru monolayer, using barium-titanate strontium (Ba, Sr) (it omitting
below TiO3; BST) as a conventional high dielectric constant film. Moreover, by the
manufacture method of the conventional thin film capacitor, micro processing of Ru is
Si02. It is carried out by the reactive-ion-etching method using the mask.

[0005]

[Problem(s) to be Solved by the Invention] Generally, in order to make the capacity of a
thin film capacitor increase, it is required to make thin thickness of the high dielectric
constant film which is an electrode spacing, i.e., a capacity film. When next-generation
high-density DRAM of 1 or more Gbits is considered especially, even if it uses high
dielectric constant films, such as BST, about 20-30nm needs to be ultra-thin-film-ized.
However, ultra-thin film-ization of such a high dielectric constant film has the problem of
increasing the leakage current of a thin film capacitor. Generally, the area of a capacitor
is taken into consideration, it is such leakage-current density of a thin film capacitor at
the 1V impression time, and less than [ 1x10-8Acm-2 ] is needed.

[0006] In the conventional thin film capacitor, when the thickness of BST was 25nm, the
leakage-current density in the time of 1V impression is abbreviation 4x10-8Acm-2, and
had the problem that the current density demanded was not reached.

[0007] On the other hand, it is SiO2 on Ru electrode in the case of processing of the up
electrode Ru by the manufacture method of the conventional thin film capacitor.
Membranes are formed, a resist is processed with the photolithography technology which
applies a resist and is generally used, and it is SiO2. Patterning was carried out and Ru
was processed. Thus, at a Prior art, it is Si02. The process of membrane formation and
removal entered and there was a problem in respect of a throughput.

[0008] Moreover, it is SiO2 although Ru must be processed in 0.1-0.2-micron size in case
Ru is used for the lower electrode of next-generation high-density DRAM of 1 or more
Gbits. When a mask was used, while there was a problem in respect of a throughput by
the above-mentioned reason, the problem was in the processing configuration. This is
Si02. It is amorphous and is SiO2 to Ru dry etching. By a shoulder *******¥***ing it is
Si02. For mask area to become small and it is hard to process processed Ru
perpendicularly.

[0009] The purpose of this invention is to offer a thin film capacitor with small leakage-
current density. Moreover, a throughput is high, and since it is a process in low
temperature, it is in offering the manufacture method of a thin film capacitor of not
degrading the circuit property of a semiconductor, and it is in offering the manufacture
method of the thin film capacitor which processing of further super-large scale
integration can attain in the target processing configuration, and the processing method of
an electrode.



[0010]

[Means for Solving the Problem] The aforementioned purpose is attained by the
following meanses. That is, this invention proposes the thin film capacitor characterized
by for the 1st electrode layer of this up electrode layer which touches this high dielectric
constant film at least being a ruthenium (Ru) or ruthenium oxide (RuO2), and the
thickness of the aforementioned electrode layer being less than 50nm in the thin film
capacitor of the structure inserted by the up electrode layer which a high dielectric
constant thin film turns into from a lower electrode layer and a monolayer, or two or
more layers.

[0011] Moreover, a high dielectric constant thin film sets this invention to the
manufacture method of the thin film capacitor of the structure inserted by the up
electrode layer which consists of a lower electrode layer and a monolayer, or two or more
layers. The process which forms a ruthenium (Ru) or ruthenium oxide (RuO2) as an
electrode layer of this up electrode thin film which touches this high dielectric constant
film at least, [ whether as 2nd electrode layer which is the best layer of this up electrode
thin film, the dry etching in the atmosphere containing oxygen ******#****5 and ] Or it
is what proposes the manufacture method of the thin film capacitor characterized by
including at least the process which forms the conductive electrode material whose etch
rate of dry etching is 1/10 or less [ of the etch rate of the 1st electrode layer ]. It includes
that the electrode layer of the above 2nd is either aluminum (aluminum), titanium (Ti) or
a titanium nitride (TiN).

[0012] Moreover, this invention is the manufacture method of the thin film capacitor of
the structure where the high dielectric constant film was inserted by the lower electrode
and the up electrode. In the manufacture method by which the process of the dry etching
in the atmosphere which contains the oxygen of a ruthenium (Ru) or a ruthenium oxide
(RuO2) layer in a lower electrode or an up electrode at least is included The electrode
layer of this ruthenium or ruthenium oxide a dry dirty process It is what proposes the
manufacture method of the thin film capacitor characterized by being an etching process
in the electrode structure where the maximum front face of this electrode was formed by
either aluminum (aluminum), titanium (T1i) or the titanium nitride (TiN). this invention is
the electrode which consisted of a monolayer or two or more layers. to the
aforementioned electrode Furthermore, a ruthenium (Ru), Or it sets to the processing
method of an electrode of having a dry etching process in the atmosphere in which the
layer of ruthenium oxide (RuO2) is contained in, and this ruthenium (Ru) or this
ruthenium oxide (RuO2) contains oxygen. The processing method of the electrode
characterized by the process of the aforementioned dry etching being an etching process
in the electrode structure where the maximum front face of this electrode was formed by
either aluminum (aluminum), titanium (T1i) or the titanium nitride (TiN) is proposed.
[0013]

[Embodiments of the Invention] Hereafter, this invention is explained still in detail.
[0014] this invention person etc. uses BST as a high dielectric constant film, and is Ru
and RuO2 as an up electrode. It used, respectively, the thin film capacitor was formed,
and the leakage-current property was investigated. A lower electrode is platinum (Pt).
Consequently, it found out that a leakage current decreased by setting thickness of an up
electrode to 100nm or less. Simultaneously, thickness found out that the downward
tendency of a leakage current was remarkable by less than 50nm. When thickness of an



up electrode was based on 200nm, thickness decreased to 10 by about 1/by 50nm, and
thickness decreased to 15 by about 1/in 30nm. Although the detail of this reason is
unknown, reduction of the damage to the BST film at the time of up electrode formation
and reduction of stress can be considered.

[0015] this invention person etc. is Ru and RuO2 as an up electrode layer which touches
BST, using BST as a high dielectric constant film. aluminum, Ti, and TiN were formed in
the upper part, respectively. It is Ru and RuO2, applying a resist besides, processing a
resist with the usual photolithography technology, and using it as a mask. Dry etching of
each upper conductive electrode was carried out. Chlorine gas was used at this time.
Continuously, it is Ru and RuO2 in the atmosphere containing oxygen. When dry etching
is carried out, it is Ru and RuO2. Although etching advances with etching also in a resist,
it is Ru and RuO2. The upper conductive electrode is not made to **¥**¥*¥¥* Lyt js Ru
and RuO2. It turns out that it is processible. The resist which remained is O2. It was
easily removable by ashing. Simultaneously, it is Ru and RuO2. When the upper
conductive electrode was usable as an up electrode as it is and it was unnecessary, the
thing possible dirtily in a businesslike manner was also continuously checked after resist
removal. At this technique, it is Si02. It became clear that the process of formation and
removal is unnecessary, it is very simple, and a throughput is high. Moreover, it is Ru of
the 1st electrode, and RuO2, without making the 2nd electrode ********** evep if the
etch rate of dry etching uses 1/10 or less electrode material of the etch rate of the 1st
electrode layer as 2nd electrode layer. It turns out that it is processible.

[0016] the same -- especially -- Ru and RuO2 the time of it being overly detailed-alike
and processing it -- Ru and RuO2 Although aluminum, Ti, or TiN was formed in the
upper surface of an electrode and dry etching processing was performed at the same
process as the above, it was possible to have not carried out the shoulder collapse of
aluminum, Ti, or the TiN at all, but to have processed Ru and RuO2 into a perpendicular
mostly.

[0017] Furthermore, this invention is explained with reference to a drawing.

[0018] Drawing 1 is the cross section showing an example of the thin film capacitor of
this invention. The thin film capacitor of this invention comes to prepare the structure
where the high dielectric constant thin film 2 was inserted by the lower electrode 3 and
the up electrode layer 1 on the SiO2 silicon (Si) substrate 5 in which the substrate front
face was formed by thermal oxidation and which has 4, as shown in drawing 1 .

[0019] as the high dielectric constant thin film 2 -- SrTiO3, TiO (Ba, Sr)3 (BST),
BaTi03, TiO (Pb, Zr)3, and SrBi2 Ta 209 etc. -- it is mentioned and the range of
thickness of 15-200nm is desirable

[0020] It consists of a monolayer or two or more layers, and the 1st electrode layer which
touches a high dielectric constant film at least consists of a ruthenium (Ru) or ruthenium
oxide (RuO2), and, as for the up electrode layer 1, it is important that the thickness is
especially less than 50nm 5nm or more.

[0021] Since the leakage current of a thin film capacitor will be increased if thickness
exceeds 50nm, it is [ a problem (local discontinuity in a field) from which a
homogeneous membrane is hard to be obtained in less than S5nm ] preferably and is not
desirable. Moreover, when the up electrode layer 1 consists of two or more layers, as the
2nd electrode layer, aluminum (aluminum), titanium (Ti), or a titanium nitride (TiN) is
used preferably.



[0022] Moreover, Pt, Ru, RuO2, Ir, and IrO2 grade are mentioned as a lower electrode 3,
- and the range of thickness of 5-500nm is desirable.

[0023] Each aforementioned film can be formed by methods, such as the DC magnetron-
sputtering method, the RF magnetron-sputtering method, an efficient consumer response
spatter, and a vapor growth.

[0024]

[Example] An example explains this invention still more concretely below.

[0025] (Example 1) The example of this invention is explained hereafter, referring to
drawing 1 . Drawing 1 is the cross section of the thin film capacitor in connection with an
example 1. It has the structure where 30nm of Ru of a monolayer was formed as Pt, the
high dielectric constant film 2, and an up electrode as a lower electrode 3 on the Si02
silicon (Si) substrate 5 in which the substrate front face was formed by thermal oxidation
and which has 4, using BST as a high dielectric constant film 2. In this example, BST
thickness is 30nm and all the films were formed by the DC magnetron sputtering method.
The configuration of an up electrode is the round shape of 0.2mmphi. As a result of
measuring an electrical property, the dielectric constant was 290 and the leakage-current
density J was 8x10-9Acm-2. in order to investigate the effect of thin-film-izing of Ru of
this invention, as a result of changing the thickness of Ru which is an up electrode to
200nm and investigating it to the same sample, by 200nm, J is 1.5x10-8 Acm-2 in 8x10-
8Acm-2,100nm, and the effect which is this invention was checked The dielectric
constant bases on the thickness of an up electrode and was fixed.

[0026] (Example 2) It has structure which is the electrode by which Ru (30nm) and
aluminum (100nm) were carried out as a lower electrode 3 like the example 1 on the
Si02 silicon (Si) substrate 5 in which the substrate front face was formed by thermal -
oxidation, and which has 4, using BST as a high dielectric constant film 2, and the
laminating was carried out to the order of a lower shell as Pt, the high dielectric constant
film 2, and an up electrode. In this example, BST thickness is 30nm and all the films
were formed by the DC magnetron sputtering method. The configuration of an up
electrode is the round shape of 0.2mmphi. As a result of measuring an electrical property,
the dielectric constant was 290 and the leakage-current density J was 8x10-9Acm-2. In
order to investigate the effect of this invention, the same with having carried out in the
example 1, the thickness of aluminum of an up electrode layer was set constant, and the
effect of thin-film-izing of Ru was investigated. It is completely the same as that of an
example 1, and a result is a book.

[0027] (Example 3) By this example, the example which used TiN as Ru and 2nd
electrode layer as 1st electrode layer of BST and the up electrode 1 as RuO2 and a high
dielectric constant film 2 as a lower electrode 3 is explained, referring to drawing 2 .
[0028] On the Si02 silicon (Si) substrate 5 which was formed by thermal oxidation and
which has 4, the substrate front face formed the lower electrode 3 (Ru0O2), the high
dielectric constant film 2 (BST), the 1st electrode layer 6 of the up electrode 1 (Ru), and
the 2nd electrode layer 7 (TiN) by the DC magnetron-sputtering method one by one.
30nm and the 2nd electrode layer set thickness to 200nm, and 30nm and the 1st electrode
layer set [ the lower electrode ] BST to 70nm. Continuously, the resist 8 was applied and
the substrate shown in drawing 2 (a) was obtained. With the lithography technology by
the usual 1 line, it exposed, the resist was processed, and drawing 2 (b) was formed. It is
TiN which this substrate is put into a dry etching system, and is the 2nd electrode layer 7




first C12 It *¥****x¥***ed by plasma gas. At this time, the chamber pressures of an
etching system were 15mTorr(s), and plasma power was SOW. Ru which is the 1st
electrode layer 6 continuously -- O2 C12 mixed gas (CI2 is 10%) -- using -- etching -- the
bottom The chamber pressures at this time are 20mTorr(s), and plasma power is 100W.
Although most resists disappeared Ru in dry etching, in order to remove the resist which
remained, ashing by oxygen plasma removed. Consequently, the thin film capacitor into
which the up electrode as shown in drawing 2 (c) was processed was obtained. Similarly,
although inquired by the same manufacture method, using aluminum or Ti as 2nd
electrode layer, the completely same thin film capacitor was obtained. The electrical
property of this capacitor showed the same good property as examples 1 and 2.

[0029] At this process, it is SiO2 as a mask. It does not form but is a book.

[0030] CI2 although the 2nd electrode layer was not removed but it was used as it is as an
electrode in the above-mentioned example, after carrying out ashing removal of the resist
Although the thin film capacitor from which the 2nd electrode layer 7 (TiN) was removed
by the dry etching by plasma gas was also made, the case where it does not remove, and
the electrical property were the same.

[0031] (Example 4) this example explains Ru which is a lower electrode using drawing 3
about the example which carried out micro processing very much.

[0032] On the SiO2 silicon (Si) substrate S in which the substrate front face was formed
by thermal oxidation and which has 4, Ru9 was formed by 300nm and TiN10 was formed
by 100nm and the DC magnetron-sputtering method. The substrate which drawing 3 (a)
Comes to apply the chemistry amplification resist 8 to this substrate was formed. By
electron beam exposure, the processing size 0.2 micron x0.5 micron pattern was formed,
and the substrate which drawing 3 (b) Comes to process a resist 8 was formed. It is C12
about TiN10, putting this substrate into a dry etching system, and using a resist 8 as a
mask. Etching by plasma was performed. The pressures of the etching system at this time
are 15mTorr(s), and plasma power is SOW. continuing -- Ru 902 CI2 mixed gas (C12 is
10%) -- using -- etching -- the bottom The chamber pressures at this time are 20mTorr(s),
and plasma power is 100W. The resist disappeared Ru in dry etching. Continuously, it is
CI2 about TiN10. Plasma etching was carried out, it removed and the substrate shown in
drawing 3 (c) was obtained. The pressures of the etching system at this time are
15mTorr(s), and plasma power is S0W.

[0033] As a result of observing the obtained substrate with an electron microscope, it
checked that processing was made as a design size. Moreover, the same result was
obtained although experimented also about the case where Ti or aluminum is used for a
change of TiN.

[0034] in the above-mentioned example, although BST was used as a high dielectric
constant film, this invention is limited to this material -- not having -- a strontium titanate
(SrTiO3), a barium titanate (BaTiO3), and TiO(Pb, Zr) 3 SrBi2 Ta 209 etc. -- other high
dielectric films are sufficient

[0035] Although the DC magnetron-sputtering method was used as the membrane
formation method of an electrode and a dielectric in the above-mentioned example, this
invention may not be limited to this but the RF magnetron-sputtering method, an efficient
consumer response spatter, and ****¥*¥*¥¥*x* are gufficient as it.

[0036] Although Ru was used in the above-mentioned example, this invention may not be
limited to this material, but RuO2 is sufficient as it.



[0037]

[Effect of the Invention] As mentioned above, as explained, according to the thin film
capacitor of this invention, it is effective in leakage-current density being small and
excelling in an electrical property. Moreover, according to the manufacture method of the
thin film capacitor of this invention, a throughput is high, and since it is a process in low
temperature, it is effective in the ability of processing of further super-large scale
integration which does not degrade the circuit property of a semiconductor to attain in the
target processing configuration.

[Translation done.]

TECHNICAL FIELD

[The technical field to which invention belongs] this invention relates to the object for
semiconductor devices, and the thin film capacitor for integrated circuits especially about
a thin film capacitor, its manufacture method, and the processing method of an electrode.
[0002]

[Translation done.]

PRIOR ART

[Description of the Prior Art] SrTiO3 which was excellent in dielectric characteristics,
insulation, and chemical stability in order to apply to the capacity film for next-
generation high-density DRAM of 1 or more Gbits, TiO (Ba, Sr)3 (henceforth BST), and
TiO (Pb, Zr)3 etc. -- research and development of a perovskite type oxide dielectric thin
film are done Simultaneously, in order to depend in the electrode material and process
strongly, examination of an electrode material is also important for the electrical property
of a dielectric thin film.

[0003] Ru or RuO2 It has the feature that the processability is good, and the application
as an electrode material of a BST film is considered. About the thin film capacitor using
Ru as an electrode material, and its manufacture method, A. YUUKI etc. is reported in
detail to a technical digest, 115-118 pages and this technical digest, and 903-906 pages by
Y. rock shell ochre etc. in International electron device "meeting IEDM"" 1995,
respectively.

[0004] The publication of the thickness of Ru does not have an up electrode in the thin
film capacitor using Ru monolayer, using barium-titanate strontium (Ba, Sr) (it omitting
below TiO3; BST) as a conventional high dielectric constant film. Moreover, by the
manufacture method of the conventional thin film capacitor, micro processing of Ru is
Si02. 1t is carried out by the reactive-ion-etching method using the mask.

[Translation done.]

EFFECT OF THE INVENTION




[Effect of the Invention] As mentioned above, as explained, according to the thin film
capacitor of this invention, it is effective in leakage-current density being small and
excelling in an electrical property. Moreover, according to the manufacture method of the
thin film capacitor of this invention, a throughput is high, and since it is a process in low
temperature, it is effective in the ability of processing of further super-large scale
integration which does not degrade the circuit property of a semiconductor to attain in the
target processing configuration.

[Translation done.]

* NOTICES *
Japan Patent Office is not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.**** shows the word which can not be translated.

3.In the drawings, any words are not translated.

TECHNICAL PROBLEM

[Problem(s) to be Solved by the Invention] Generally, in order to make the capacity of a
thin film capacitor increase, it is required to make thin thickness of the high dielectric
constant film which is an electrode spacing, i.e., a capacity film. When next-generation
high-density DRAM of 1 or more Gbits is considered especially, even if it uses high
dielectric constant films, such as BST, about 20-30nm needs to be ultra-thin-film-ized.
However, ultra-thin film-ization of such a high dielectric constant film has the problem of
increasing the leakage current of a thin film capacitor. Generally, the area of a capacitor
is taken into consideration, it is such leakage-current density of a thin film capacitor at
the 1V impression time, and less than [ 1x10-8Acm-2 ] is needed.

[0006] In the conventional thin film capacitor, when the thickness of BST was 25nm, the
leakage-current density in the time of 1V impression is abbreviation 4x10-8 Acm-2, and
had the problem that the current density demanded was not reached.

[0007] On the other hand, it is SiO2 on Ru electrode in the case of processing of the up
electrode Ru by the manufacture method of the conventional thin film capacitor.
Membranes are formed, a resist is processed with the photolithography technology which
applies a resist and is generally used, and it is Si0O2. Patterning was carried out and Ru
was processed. Thus, at a Prior art, it is SiO2. The process of membrane formation and
removal entered and there was a problem in respect of a throughput.

[0008] Moreover, it is S102 although Ru must be processed in 0.1-0.2-micron size in case
Ru is used for the lower electrode of next-generation high-density DRAM of 1 or more
Gbits. When a mask was used, while there was a problem in respect of a throughput by
the above-mentioned reason, the problem was in the processing configuration. This is
Si02. It is amorphous and is SiO2 to Ru dry etching. By a shoulder ********¥*ing it is
Si02. For mask area to become small and it is hard to process processed Ru
perpendicularly.

[0009] The purpose of this invention is to offer a thin film capacitor with small leakage-



current density. Moreover, a throughput is high, and since it is a process in low
temperature, it is in offering the manufacture method of a thin film capacitor of not
degrading the circuit property of a semiconductor, and it is in offering the manufacture
method of the thin film capacitor which processing of further super-large scale

integration can attain in the target processing configuration, and the processing method of
an electrode. :

[Translation done.]

MEANS

[Means for Solving the Problem] The aforementioned purpose is attained by the
following meanses. That is, this invention proposes the thin film capacitor characterized
by for the 1st electrode layer of this up electrode layer which touches this high dielectric
constant film at least being a ruthenium (Ru) or ruthenium oxide (Ru02), and the
thickness of the aforementioned electrode layer being less than 50nm in the thin film
capacitor of the structure inserted by the up electrode layer which a high dielectric
constant thin film turns into from a lower electrode layer and a monolayer, or two or
more layers.

[0011] Moreover, a high dielectric constant thin film sets this invention to the
manufacture method of the thin film capacitor of the structure inserted by the up
electrode layer which consists of a lower electrode layer and a monolayer, or two or more
layers. The process which forms a ruthenium (Ru) or ruthenium oxide (RuO2) as an
electrode layer of this up electrode thin film which touches this high dielectric constant
film at least, [ whether as 2nd electrode layer which is the best layer of this up electrode
thin film, the dry etching in the atmosphere containing oxygen **********g and ] Or it
is what proposes the manufacture method of the thin film capacitor characterized by
including at least the process which forms the conductive electrode material whose etch
rate of dry etching is 1/10 or less [ of the etch rate of the 1st electrode layer ]. It includes
that the electrode layer of the above 2nd is either aluminum (aluminum), titanium (Ti) or
a titanium nitride (TiN).

[0012] Moreover, this invention is the manufacture method of the thin film capacitor of
the structure where the high dielectric constant film was inserted by the lower electrode
and the up electrode. In the manufacture method by which the process of the dry etching
in the atmosphere which contains the oxygen of a ruthenium (Ru) or a ruthenium oxide
(RuO2) layer in a lower electrode or an up electrode at least is included The electrode
layer of this ruthenium or ruthenium oxide a dry dirty process It is what proposes the
manufacture method of the thin film capacitor characterized by being an etching process
in the electrode structure where the maximum front face of this electrode was formed by
either aluminum (aluminum), titanium (T1) or the titanium nitride (TiN). this invention is
the electrode which consisted of a monolayer or two or more layers. to the
aforementioned electrode Furthermore, a ruthenium (Ru), Or it sets to the processing
method of an electrode of having a dry etching process in the atmosphere in which the
layer of ruthenium oxide (RuO2) is contained in, and this ruthenium (Ru) or this



ruthenium oxide (RuO2) contains oxygen. The processing method of the electrode
characterized by the process of the aforementioned dry etching being an etching process
in the electrode structure where the maximum front face of this electrode was formed by
either aluminum (aluminum), titanium (Ti) or the titanium nitride (TiN) is proposed.
[0013]

[Embodiments of the Invention] Hereafter, this invention is explained still in detail.
[0014] this invention person etc. uses BST as a high dielectric constant film, and is Ru
and RuO2 as an up electrode. It used, respectively, the thin film capacitor was formed,
and the leakage-current property was investigated. A lower electrode is platinum (Pt).
Consequently, it found out that a leakage current decreased by setting thickness of an up
electrode to 100nm or less. Simultaneously, thickness found out that the downward
tendency of a leakage current was remarkable by less than 50nm. When thickness of an
up electrode was based on 200nm, thickness decreased to 10 by about 1/by 50nm, and
thickness decreased to 15 by about 1/in 30nm. Although the detail of this reason is
unknown, reduction of the damage to the BST film at the time of up electrode formation
and reduction of stress can be considered.

[0015] this invention person etc. is Ru and RuO2 as an up electrode layer which touches
BST, using BST as a high dielectric constant film. aluminum, Ti, and TiN were formed in
the upper part, respectively. It is Ru and Ru02, applying a resist besides, processing a
resist with the usual photolithography technology, and using it as a mask. Dry etching of
each upper conductive electrode was carried out. Chlorine gas was used at this time.
Continuously, it is Ru and RuO2 in the atmosphere containing oxygen. When dry etching
is carried out, it is Ru and RuO2. Although etching advances with etching also in a resist,
it is Ru and RuO2. The upper conductive electrode is not made to ******¥**x* Hyt js Ru
and RuO2. It turns out that it is processible. The resist which remained is O2. It was
easily removable by ashing. Simultaneously, it is Ru and RuO2. When the upper
conductive electrode was usable as an up electrode as it is and it was unnecessary, the
thing possible dirtily in a businesslike manner was also continuously checked after resist
removal. At this technique, it is SiO2. It became clear that the process of formation and
removal is unnecessary, it is very simple, and a throughput is high. Moreover, it is Ru of
the 1st electrode, and RuO2, without making the 2nd electrode ********** even if the
etch rate of dry etching uses 1/10 or less electrode material of the etch rate of the 1st
electrode layer as 2nd electrode layer. It turns out that it is processible.

[0016] the same -- especially -- Ru and RuO2 the time of it being overly detailed-alike
and processing it -- Ru and RuO2 Although aluminum, Ti, or TiN was formed in the
upper surface of an electrode and dry etching processing was performed at the same
process as the above, it was possible to have not carried out the shoulder collapse of
aluminum, Ti, or the TiN at all, but to have processed Ru and RuO2 into a perpendicular
mostly.

[0017] Furthermore, this invention is explained with reference to a drawing.

[0018] Drawing 1 is the cross section showing an example of the thin film capacitor of
this invention. The thin film capacitor of this invention comes to prepare the structure
where the high dielectric constant thin film 2 was inserted by the lower electrode 3 and
the up electrode layer 1 on the SiO2 silicon (Si) substrate S in which the substrate front
face was formed by thermal oxidation and which has 4, as shown in drawing 1.

[0019] as the high dielectric constant thin film 2 -- SrTiO3, TiO (Ba, Sr)3 (BST),



BaTi03, TiO (Pb, Zr)3, and SrBi2 Ta 209 etc. -- it is mentioned and the range of
thickness of 15-200nm is desirable

[0020] It consists of a monolayer or two or more layers, and the 1st electrode layer which
touches a high dielectric constant film at least consists of a ruthenium (Ru) or ruthenium
oxide (Ru02), and, as for the up electrode layer 1, it is important that the thickness is
especially less than S0nm Snm or more.

[0021] Since the leakage current of a thin film capacitor will be increased if thickness
exceeds 50nm, it is [ a problem (local discontinuity in a field) from which a
homogeneous membrane is hard to be obtained in less than Snm ] preferably and is not
desirable. Moreover, when the up electrode layer 1 consists of two or more layers, as the
2nd electrode layer, aluminum (aluminum), titanium (Ti), or a titanium nitride (TiN) is
used preferably.

[0022] Moreover, Pt, Ru, RuO2, Ir, and IrO2 grade are mentioned as a lower electrode 3,
and the range of thickness of 5-500nm is desirable.

[0023] Each aforementioned film can be formed by methods, such as the DC magnetron-
sputtering method, the RF magnetron-sputtering method, an efficient consumer response
spatter, and a vapor growth.

[Translation done.]

EXAMPLE

[Example] An example explains this invention still more concretely below.

[0025] (Example 1) The example of this invention is explained hereafter, referring to
drawing 1 . Drawing 1 is the cross section of the thin film capacitor in connection with an
example 1. It has the structure where 30nm of Ru of a monolayer was formed as Pt, the
high dielectric constant film 2, and an up electrode as a lower electrode 3 on the Si02
silicon (Si) substrate 5 in which the substrate front face was formed by thermal oxidation
and which has 4, using BST as a high dielectric constant film 2. In this example, BST
thickness is 30nm and all the films were formed by the DC magnetron sputtering method.
The configuration of an up electrode is the round shape of 0.2mmphi. As a result of
measuring an electrical property, the dielectric constant was 290 and the leakage-current
density J was 8x10-9Acm-2. in order to investigate the effect of thin-film-izing of Ru of
this invention, as a result of changing the thickness of Ru which is an up electrode to
200nm and investigating it to the same sample, by 200nm, J is 1.5x10-8 Acm-2 in 8x10-
8Acm-2,100nm, and the effect which is this invention was checked The dielectric
constant bases on the thickness of an up electrode and was fixed.

[0026] (Example 2) It has structure which is the electrode by which Ru (30nm) and
aluminum (100nm) were carried out as a lower electrode 3 like the example 1 on the
Si0O2 silicon (Si) substrate 5 in which the substrate front face was formed by thermal
oxidation, and which has 4, using BST as a high dielectric constant film 2, and the
laminating was carried out to the order of a lower shell as Pt, the high dielectric constant
film 2, and an up electrode. In this example, BST thickness is 30nm and all the films
were formed by the DC magnetron sputtering method. The configuration of an up
electrode is the round shape of 0.2mmphi. As a result of measuring an electrical property,
the dielectric constant was 290 and the leakage-current density J was 8x10-9Acm-2. In



order to investigate the effect of this invention, the same with having carried out in the
example 1, the thickness of aluminum of an up electrode layer was set constant, and the
effect of thin-film-izing of Ru was investigated. It is completely the same as that of an
example 1, and a result is a book.

[0027] (Example 3) By this example, the example which used TiN as Ru and 2nd
electrode layer as 1st electrode layer of BST and the up electrode 1 as RuO2 and a high
dielectric constant film 2 as a lower electrode 3 is explained, referring to drawing 2 .
[0028] On the SiO2 silicon (Si) substrate 5 which was formed by thermal oxidation and
which has 4, the substrate front face formed the lower electrode 3 (RuO2), the high
dielectric constant film 2 (BST), the 1st electrode layer 6 of the up electrode 1 (Ru), and
the 2nd electrode layer 7 (TiN) by the DC magnetron-sputtering method one by one.
30nm and the 2nd electrode layer set thickness to 200nm, and 30nm and the 1st electrode
layer set [ the lower electrode ] BST to 70nm. Continuously, the resist 8 was applied and
the substrate shown in drawing 2 (a) was obtained. With the lithography technology by
the usual i line, it exposed, the resist was processed, and drawing 2 (b) was formed. It is
TiN which this substrate is put into a dry etching system, and is the 2nd electrode layer 7
first C12 Jt ¥*********ed by plasma gas. At this time, the chamber pressures of an
etching system were 15mTorr(s), and plasma power was SOW. Ru which is the 1st
electrode layer 6 continuously -- O2 C12 mixed gas (C12 is 10%) -- using -- etching -- the
bottom The chamber pressures at this time are 20mTorr(s), and plasma power is 100W.
Although most resists disappeared Ru in dry etching, in order to remove the resist which
remained, ashing by oxygen plasma removed. Consequently, the thin film capacitor into
which the up electrode as shown in drawing 2 (c) was processed was obtained. Similarly,
although inquired by the same manufacture method, using aluminum or Ti as 2nd
electrode layer, the completely same thin film capacitor was obtained. The electrical
property of this capacitor showed the same good property as examples 1 and 2.

[0029] At this process, it is Si02 as a mask. It does not form but is a book.

[0030] C12 although the 2nd electrode layer was not removed but it was used as it is as an
electrode in the above-mentioned example, after carrying out ashing removal of the resist
Although the thin film capacitor from which the 2nd electrode layer 7 (TiN) was removed
by the dry etching by plasma gas was also made, the case where it does not remove, and
the electrical property were the same.

[0031] (Example 4) this example explains Ru which is a lower electrode using drawing 3
about the example which carried out micro processing very much.

[0032] On the SiO2 silicon (Si) substrate 5 in which the substrate front face was formed
by thermal oxidation and which has 4, Ru9 was formed by 300nm and TiN10 was formed
by 100nm and the DC magnetron-sputtering method. The substrate which drawing 3 (a)
Comes to apply the chemistry amplification resist 8 to this substrate was formed. By
electron beam exposure, the processing size 0.2 micron x0.5 micron pattern was formed,
and the substrate which drawing 3 (b) Comes to process a resist 8 was formed. It is C12
about TiN10, putting this substrate into a dry etching system, and using a resist 8 as a
mask. Etching by plasma was performed. The pressures of the etching system at this time
are 15mTorr(s), and plasma power is S0W. continuing -- Ru 902 CI12 mixed gas (CI2 is
10%) -- using -- etching -- the bottom The chamber pressures at this time are 20mTorr(s),
and plasma power is 100W. The resist disappeared Ru in dry etching. Continuously, it is
C12 about TiN10. Plasma etching was carried out, it removed and the substrate shown in



drawing 3 (c) was obtained. The pressures of the etching system at this time are
15mTorr(s), and plasma power is SOW.

[0033] As a result of observing the obtained substrate with an electron microscope, it
checked that processing was made as a design size. Moreover, the same result was
obtained although experimented also about the case where Ti or aluminum is used for a
change of TiN.

[0034] in the above-mentioned example, although BST was used as a high dielectric
constant film, this invention is limited to this material -- not having -- a strontium titanate
(SrTi03), a barium titanate (BaTiO3), and TiO(Pb, Zr) 3 SrBi2 Ta 209 etc. -- other high
dielectric films are sufficient

[0035] Although the DC magnetron-sputtering method was used as the membrane
formation method of an electrode and a dielectric in the above-mentioned example, this
invention may not be limited to this but the RF magnetron-sputtering method, an efficient
consumer response spatter, and **¥*¥*¥**x¥x** are sufficient as it.

[0036] Although Ru was used in the above-mentioned example, this invention may not be
limited to this material, but RuO2 is sufficient as it.

[Translation done.]

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[Drawing 1] It is the cross section of the thin film capacitor in which one example of this
invention is shown.

[Drawing 2] Drawing 2 (a) - (c¢) is the manufacturing process view of the thin film
capacitor in which one example of this invention is shown.

[Drawing 3] Drawing 3 (a) - (c) is the manufacturing process view of the thin film
capacitor in which one example of this invention is shown.

[Description of Notations]

1 Up Electrode

2 High Dielectric Constant Film

3 Lower Electrode

4 Si02

5 Si Substrate

6 1st Electrode Layer

7 2nd Electrode Layer

8 Resist

9 Ru

10 TiN

[Translation done.]



* NOTICES *
Japan Patent Office is not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2 ¥*¥* shows the word which can not be translated.

3.In the drawings, any words are not translated.
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PROBLEM TO BE SOLVED: To realize a thin film capacitor
wherein leak current
density is small, by forming a first electrode layer which is in contact
with
at least a high permitivity film of an upper electrode film and has a
specified
thickness, of ruthenium or ruthenium oxide.

SOLUTION: In a thin film capacitor, BST is used as a high
permitivity film
2, and a silicon (Si) substrate 5 has a surface which is
SiO<SB>2</SB> 4 formed
by heat treatment, on which substarate 5 the following are formed;
Ptas a
lower electrode 3, a high permitivity film 2, and single layer Ru as
upper
electrodes which are 30nm in thickness. An upper electrode film 1
is composed
a single layer or a plurality of layers. The first electrode layer which
is in
contact with at least the high permitivity film 2 is composed of
ruthenium(Ru)
or ruthenium oxide (RUO<SB>2</SB>). Itis especially important
that the
thickness of the layer is less than 50nm and greater than or equal to
5nm.
Thereby a thin film capacitor excellent in electric characteristics can
be
realized.
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ctively to landing pads 52a, 44a, and 36a, and underlying

pattern of electrical conductors 20. In contrast to FIGS. 7 and 8
which

illustrate portions of the capacitor plates represented along line 7-7
of FIG.

6, FIG. 9 illustrates portions of the landing pads along line 9-9' of
FIG. 6

with the capacitor plates being represented by dotted lines in the
background.

(24) Vias can be formed through polymer layer 56 to the landing
pads in the

same manner as discussed with respect to via 18 in FIG. 1. The
difference .

between via depths of the shallowest via 60 and the deepest via 66
is

exaggerated in FIG. 9, and, in the embodiment using the specific
materials and

thic
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